Raspberry (Rubus idaeus) fruit have high anti-cancer potential in animal and in vitro models. There is much interest in quantifying total antioxidants, as well as specific compounds, to eventually be used to breed new cultivars that have improved human health properties. Raspberry fruit of 64 genotypes were harvested for two seasons from Washington and New York locations. Fruit were analyzed for soluble sugars, titrateble acids, pH and phenolic compounds. Total anthocyanins ranged from 0 to 400 mg/100 g in yellow to black raspberries, respectively. Total phenolic content ranged from 300 to 700 mg/100 g and FRAP values from 15 to 50 tmol trolox equiv/g. Total phenolic and FRAP values were highest in black raspberries but yellow fruit were as high as many of the red raspberries. Fruit composition and berry size also showed large variation among genotypes. This study demonstrates the wide range of antioxidant values and phytochemical content in raspberry germplasm that can be used in breeding programs which are targeted towards developing functional foods.
INTRODUCTION
Raspberries commonly are found in nature in yellow, amber, purple, red and black colors. Raspberries have been shown to have anti-cancer activity in cell cultures and human clinical trials (Casto et al., 2002; Han et al., 2002; Juranic et al., 2004; Liu et al., 2002) . Anthocyanin and phenolic content varies widely with black-fruited cultivars having much higher content than their red counterparts (Ou and Wada, 2002; Moyer et al., 2002) . Estimating the antioxidant capacity of cultivars is becoming more important in marketing fruit for its human health benefits. These indicators of fruit antioxidant potential are of increasing interest to horticulturists and fruit breeders trying to determine the importance of germplasm and environment to antioxidant status. The purpose of this study was to determine the range of antioxidants among raspberry germplasm grown in the U.S.
MATERIAL AND METHODS

Plant Material
At least 500 g berries were collected from each selection in Geneva, NY and Puyallup, Wash. during the 2002 and 2003 summer and fall production seasons, with a total of 64 genotypes tested. All berries were frozen at -20°C immediately after harvest and held at -20°C until shipped. Frozen fruit were shipped to Lane, OK in December and held at -20°C until analyzed. Analyses were done within 4 months of arriving in OK. Two 50 g samples were weighed for each selection and then pureed using a blender followed by one minute with a Polytron homogenizer. Samples were filtered through cheesecloth to remove seeds. A 5 g aliquot of each sample was then added to 25 ml of water: methanol: acetone: form ic acid (400 ml:400 ml:200 ml:0.6 ml), polytronned briefly and used for total phenolics, FRAP (Ferric reducing activity of plasma) and total anthocyanin.
SSC, pH, Titratable Acidity
A 0.5 g sample of the puree was placed on a digital refractometer (Atago, Model PR 100) to measure soluble solids content. A 10 g sample of puree was added to 90 ml double distilled water and a stir bar added for pH and titratable acidity measurements. The pH was measured using an Orion p1-1 meter and electrodes designed for purees. Titratable acidity was measured using a digital buret and 0.1 N NaOH, where mis needed to reach a pH endpoint of 8.1 were quantified. The acidity was expressed percent malic acid (0.067 meq) equivalent.
Total Anthocyanin
Total anthocyanin was determined using the pH differential method of Giusti and Wrolstad (2001) . Multiple subsamples of the solvent-extracted puree (0. 1, 0.5 or 0.8 ml) were added to pH 1.0 and p11 4.5 buffers and absorbance at 510 and 700 nm measured using a Shimazdu UV 160 spectrophotometer.
Total Phenolics
Total phenolics were determined with the Folin-Ciocalteau reagent, following the method of Singleton and Rossi (1965) . One ml of the solvent-extracted puree was added to one ml ofF-C reagent (0.25N), followed by one ml of sodium carbonate (IN) and 7 ml water.
FRAP
Ferric reducing absorbance power or ferric reducing activity of plasma was determined following a modified method of Benzie and Strain (1996) , Deighton et al. (2000) and Conner et al. (2005) . The method was modified for a non-automated spectrophotometer(Shimazdu UV 160) using a wavelength of 593 nm. FRAP reagent was pipetted into multiple cuvettes and then addition of samples to the reagent was staggered to every 20 seconds. Samples and reagents were mixed by rapid aspiration and expulsion of fluid with the pipette tip held just under the surface of the mixture.
RESULTS AND DISCUSSION
As shown by other researchers (Moyer et al., 2002; Wada and Ou, 2002) , black and purple raspberries were extremely high in total anthocyanins and phenolics. Mean phenolic content ranged from 299 mg/100 . g in R. innominatus to 715 mg/100 g in 'Bristol' black raspberry. Anthocyanins were the major phenolic compound in black raspberry, averaging 55% of total phenolics while in red and yellow raspberry they were much less significant, 14% and 1%, respectively. Although yellow selections had little anthocyanin, total phenolics and FRAP were as high as many of the red selections (Table  1 ). The species germplasm, which represent wild material, primarily from China, were similar to yellow and red selections in total phenolics and FRAP.
Several of the red cultivars ('Chilliwack', 'Canby', 'Encore') were higher in total anthocyanin, phenolics and FRAP than other red selections. In contrast, some red fruited selections were quite low in total anthocyanins (30-to 40) compared to the 70-100 range for other red selections (Table 1) . Liu et al. (2002) found that yellow raspberry cultivars 'Anne', 'Goldie' and 'Kiwigold' were lower than the red variety 'Heritage' in total antioxidants as measured by the totally oxyradical scavenging capacity. (TOSC) test. However, all four varieties showed inhibition of liver cell cancer proliferation. In this study, FRAP values ranged from 15 to 50 TROLOX equivalents with black raspberries exhibiting the highest levels. Determining , the health benefits of phytochemicals in fruits is complicated by the interaction of the various compounds and ratios within different samples.
Total phenolic values were lower for the red cultivars 'Chilliwack', 'Meeker', 'Tulameen', 'Killarney', 'Algonquin', and 'Nova' grown in New Zealand or Finland than those harvested in our study (Conner et al., 2005; Anttonene and Karjalainen, 2005) . Differences may have been due in part to the extraction solvents used. Our solvent mixture included acetone, which tends to extract more of the flavanols than when used without acetone. Environmental conditions may have also contributed to the differences in total phenolics.
CONCLUSIONS
This comprehensive study shows a wide range of antioxidant values exist in raspberry germplasm. Total anthocyanin content is highly dependent on the visible fruit color, being low in yellow fruit and high in black raspberries and is correlated to total phenolic and antioxidant capacity in the most general sense. Black raspberry has the highest anthocyanin content and antioxidant capacity of the genotypes tested. In genera!, red raspberries with higher anthocyanin content had higher phenolic and antioxidant capacity but this was not true in yellow cultivars. Total phenolics and FRAP were only slightly lower in most yellow cultivars compared to red cultivars.
Phenolic compounds other than anthocyanins are responsible for the majority of the total content and antioxidant capacity in R. idaeus. Breeding for higher antioxidant capacity should he possible, especially in red raspberry where a 3 IbId difference in FRAP values was recorded. Eight cultivars exhibited FRAP values over 30 TROLOX equivalents while maintaining a desirable red color. However, for total phenolic content and antioxidant capacity, black raspberry clearly holds the most potential in the raspberry group. Tables   Table I. Comparison of antioxidant and fruit composition of raspberries among different fruit colors. Total anthocyanins as mg/kg cyaniding-3-glucosidc; total phenolics as mg/kg gallic acid equivalents; FRAP as umol trolox cquivalcnts/g fresh weight. Means separated within color by REGWQ, P< 0.01.
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